Abstract: Tuberculoma of the lung is one of manifestations in tuberculosis and usually presents as a solitary pulmonary nodule (SPN). It is difficult to differentiate tuberculoma from SPN by other benign or malignant diseases. At present, the crucial role of video-assisted thoracoscopic surgery (VATS) in diagnosis and treatment of pulmonary diseases has been well acknowledged. Here, we reported 53 patients undergoing VATS resection for tuberculomas in our series. No postoperative mortality was found and only two patients experienced prolonged air-leakage (>7 d) and two had minor wound infections that were recovered after anti-tuberculosis or antibiotic treatment. Anti-tuberculosis chemotherapy from 6 to 12 months was routinely used postoperatively. We conclude that VATS is a satisfactory tool for the diagnosis and treatment of tuberculoma and can also establish a reliable diagnosis for all patients with SPNs.
INTRODUCTION
Tuberculosis (TB), once the leading cause of death in Taiwan decades ago, has remarkably decreased worldwide in incidence, prevalence, and mortality rate in recent years, due to socioeconomic development and effective chemotherapy (WHO, 2008; Hsueh et al., 2006) . However, its incidence and prevalence in Taiwan are still higher than western countries. Tuberculoma, a manifestation of TB, usually presents as a solitary pulmonary nodule (SPN) (van Dyck et al., 2003) . Contrary to TB, the incidence of lung cancer has gradually increased and it has become the leading cause of cancer mortality in Taiwan and rest of the world over the last ten years (van Dyck et al., 2003) . Therefore, surgical resection has become beneficial to exclude the possibility of malignancy (Ishida et al., 1992; Mitsudomi et al., 1990) . Besides, the resection of tuberculoma is valuable for subsequent treatment strategy, because its appearance in adults sometimes stands for a post-primary lesion (Good and Wilson, 1958) . Video-assisted thoracoscopic surgery (VATS) has been developed as a minimally invasive and effective tool for diagnosis and treatment of SPNs, including the tuberculomas pathologically proved tuberculoma after VATS procedures were included in the present study. Age, sex, history of smoking, and other pulmonary diseases were recorded. Routine physical examination and a series of evaluations including chest X-ray, chest computed tomography (CT) (Fig.1) , sputum smear, culture and cytology, and fibro-bronchoscopy were performed. Skin test for purified protein derivative (PPD) was not performed for these patients because TB is still high prevalent in our population. Surgical resection was indicated for the diagnosis of unknown pulmonary nodular lesion as well as improving the treatment effects for subsequent anti-TB chemotherapies. VATS procedures with or without the use of utility minithoracotomy incisions were performed, which we use routinely for limited resections for pulmonary lesions except for ones with dense pleural adhesions. Open posterolateral thoracotomy, which was excluded from this study, was only reserved for some patients requiring lobectomy or dissection of dense pleural adhesions.
VATS was performed after chest CT reviewing by the operator. Only four patients with small (<1 cm) or deep-seated (more than 0.5 cm from the pleural surface) nodules required preoperative hook wire localization. For all the others the lesions could be successfully localized by CT imaging estimation and hand palpation intraoperatively. General anesthesia was induced, and a double lumen endotracheal tube was placed through the guide of flexible bronchoscopy. The operative lung was insufflated. After prepping and draping, the scope port was inserted and its localization depended on the sites of the lesions. Two working ports or single utility incision was then applied for further work on tumor resections. Excising tumor located in the wedge of lung tissue was accomplished by the use of auto suture stapling device (Endo GIA™, Auto Suture, 30~60 mm in length and 3.5~4.8 mm in thickness, Fig.2 ). One to two 28~32 Fr chest tubes were introduced into the chest cavity postoperatively, and their removal was determined by the draining fluid amount, character, any air-leakage or retained fluid or air in the chest cavity. Anti-tuberculosis chemotherapy was administered after confirming the diagnosis of TB. 
RESULTS

Clinical features
There were 37 male and 16 female patients, with ages ranging from 18~82 years with mean (42.3±12.5) years. Forty-one (77.3%) of them were asymptomatic and the pulmonary lesion was detected by screening chest X-ray. The remaining 12 patients had respiratory symptoms such as cough, copious, or bloodtinged sputum. Eleven of them had been previously treated for pulmonary tuberculosis. On admission, physical examination was unremarkable and for patients considering surgical treatment, the results of smear, culture, and cytology from sputum, transbronchial or CT/echo-guided needle aspiration or biopsy were negative.
Radiographic findings
According to the chest X-ray and CT pictures, 45 patients had SPNs, and the remaining 8 had satellite nodule(s). The nodular margin was smooth and well-defined in 21, spicular in 23, and notching in 9. Calcification in the nodule was noted in 17 patients, and vascular convergence in 7 (Fig.1) .
Preoperative diagnosis
Primary lung cancers were suspected in 36 (67.9%) patients. Metastatic carcinomas were suspected in 2 patients because they had histories of prior colon or breast carcinoma. The remaining 15 patients were diagnosed preoperatively as tuberculoma or other benign pulmonary lesions such as hamartoma or sclerosing hemangioma. Surgical treatment was indicated because these tumors did not decrease in size despite antituberculosis chemotherapy being administered.
Operative and pathological findings
These tumors ranged from 0.7 to 4 cm in diameter, and they were located at the right upper lobe in 19 patients, the right lower lobe in 10, the left upper lobe in 15, and the left lower lobe in 9. Forty-two patients underwent pulmonary wedge resection and the remaining 11 pulmonary segmentectomy. Lobectomy or pneumonectomy was not required for these patients. These procedures were completed through 3 port VATS procedures in 29 patients, using VATS with a utility incision (from 4 to 7 cm in length) in the remaining 24. The operative time ranged from 36 to 185 min (mean (78±26) min). The diagnosis of tuberculoma was confirmed pathologically for all patients. However, the reports of only 22 (41.5%) could be classified as "active" or "inactive." Active tuberculoma, defined as a central mass of epithelioid cells with Langhan's type giant cells and varying degrees of caseation (Ishida et al., 1992) , was noted in 15 patients, while the remaining 7 were classified as inactive, in which the mass was mostly composed of acellular caseous material and fibrosis, with or without calcification (Ishida et al., 1992) . In comparison with their radiological features, the active lesions were mostly presented as nodules with speculated margins and the inactive ones with smooth margins. There was no postoperative mortality and only two patients experienced prolonged air-leakage (>7 d) and two patients had minor wound infections that were recovered after anti-tuberculosis or antibiotic treatment. The median postoperative hospital stay and chest tube insertion period were 6 d (range: 3~29 d) and 5 d (range: 2~28 d), respectively. Antituberculosis chemotherapy from 6 to 12 months was routinely used postoperatively. No recurrence of tuberculous lesions for these patients was noted at adjacent sites during the follow-up period. DISCUSSION TB is a major cause of illness and death worldwide, especially in Asia and Africa. Globally, 9.2 million new cases and 1.7 million deaths from TB occurred in 2006, of which 0.7 million cases and 0.2 million deaths were in HIV-positive people (WHO, 2008) . TB has been one of the major causes of death in Taiwan for decades, and was ranked third in 1953 , sixth in 1975 , and 12th from 1995 (Hsueh et al., 2006 . The mortality rate (cases per 100 000 populations) was 295 in 1947 and decreased gradually to 4.3 in 2005. The annual incidence (cases per 100 000 populations) of TB was 5150 in 1947 and had declined to 30~40 in the 1970s. However, it rose in the next 20 years, which might partially be attributed to better disease registration system and patient identification. The incidence reached a peak of 74.6 in 2002 and then slowly decreased to 72.5 in 2005.
TB could be classified into primary and post-primary types. Usually a primary disease is characterized by mediastinal and/or hilar adenopathies, and parenchymal opacities typically located in the anterior segments of the lungs. Most patients are symptom-free with only parenchymal scar and calcified lymph nodes left. Post-primary disease is characterized by lung infiltration and formation of cavities mostly situated in the apicoposterior lung segments and superior segments of the lower lobes. It can also be discovered at extrapulmonary sites (Luh et al., 2007) . Nonspecific complaints such as cough, anorexia, weight loss, fatigue, fever, hemoptysis or even spontaneous pneumothorax may happen (Chen et al., 2008) . In general, the primary TB develops in children while post-primary TB presents in adults due to reactivation of dormant residual foci. However, more and more adult cases were found with primary TB, manifested as newly appearing pulmonary lesions combined with adjacent lymphadenopathies (van Dyck et al., 2003) . TB termed as "old" or "inactive," which is defined as radiographic stability for 6 months and negative sputum cultures, should be replaced by radiographically stable TB, as viable bacilli may persist despite adequate therapy (McAdams et al., 1995) .
Tuberculoma usually manifests on the chest X-ray, as a fairly discrete, but sometimes with a spicular margin, nodule, or mass in the lungs. It is one of the most common benign nodules representing up to 25% of all resected pulmonary SPNs (Andreu et al., 2004) . Differentiation between the active tuberculomas and malignant tumors is not easy. CT with dynamic imaging can not only more accurately differentiate between the benign and malignant nodules but also assess the activities of tuberculomas (Tateishi et al., 2002) . More and more diagnostic tools have been reported to measure the activities of pulmonary tuberculoma, such as double phase acquisition of (18) F fluorodeoxyglucose (FDG) positron emission tomography (PET), CT combined with computer-aided diagnosis (CAD), electrocardiograph (ECG)-gated magnetic resonance imaging (MRI), or 99m Tc radioisotope scanning (Kim et al., 2008; Park et al., 2008; Plachcinska et al., 2004; Schaefer et al., 2006) . However, there was no statistical difference in the prediction accuracy between the newer imaging techniques or quantitative, computerized measurements and the traditional visual assessments of CT scans by senior radiologists.
The benefits of surgical resection for pulmonary tuberculoma include the accurate diagnosis and differential diagnosis, determining future treatment strategies, and decreasing the dose and duration of anti-TB chemotherapy (Cherkasov et al., 1997) . Cancer coexisting with tuberculoma could have occurred in our patients and some other reported cases. However, mechanisms of this phenomenon remain unclear (Ashizawa et al., 2004; Kim et al., 2001) . Limited pulmonary resection was required only for patients with tuberculoma or most of other benign SPNs (Didenko, 2007) ; therefore, this procedure could be performed with the use of VATS, replacing traditional open thoracotomy (Congregado Loscertales et al., 2002; Luh and Liu, 2006; Prytz and Hansen, 1976) . VATS can be a good choice for the diagnosis of all SPNs and for the treatment of some benign nodules, including tuberculoma, or solitary metastases (Congregado Loscertales et al., 2002; Luh and Liu, 2006) . VATS can be widely applied in the diagnosis or treatment of various TB-related diseases, such as pleural effusion, single or multiple nodules, empyema, or cavitary lesions (Porkhanov et al., 2002) . Anti-TB chemotherapy is not necessarily required preoperatively, but usually administered postoperatively (Perel'man and Kravtsova, 1989; Prytz and Hansen, 1976) .
In conclusion, pulmonary tuberculoma that usually manifests as an SPN is difficult to differentiate from a malignant tumor, but VATS can provide a reliable diagnosis and part of treatment.
